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CALgUM PHOSPHOPEPTIPE C pMPLEXES ^ 

The present invention relates to novel complexes in which amorphous 
calcium phosphates are stabilised by phosphopeptides. These complexes have 
anti-oariogenic effects, and may also be used as dietary supplements to increase 
5 calcium bioavailability and to heal or prevent diseases associated with calcium 
deficiencies. Methods of making the complexes of the invention and of 
treatment or prevention of dental caries, calcium malabsorption, and bone 
diseases are also provided. 
BArKHROtlND 

10 Dental Caries 

Dental caries is initiated by the demineralisation of hard tissue on the 
teeth by organic acids produced from fermentation of dietary sugar by dental 
plaque odontopathogenic bacteria. 

Even though the prevalence of dental caries has decreased through the 
•use of fluoride in most developed countries, the disease remains a major public 
health problem. The estimated economic burden of treating dental caries in 
Austraha in 1991 was $471 million, being higher than that for other diet-related 
diseases including coronary heart disease, hypertension or stroke. 

In developing countries where the availability of industrialised food 
products is increasing, prevalence of dental caries is also increasing. Recent 
studies have highlighted a number of socio-demographic variables associated 
with the risk of developing caries; high risk is associated with ethnicity and low 

socio-economic stams. The level of high-risk individuals has remained constant 
even though the overall severity and prevalence of disease in the community has 
decreased. Dental caries is therefore, still a major public health problem, 
particularly in ethnic and lower socio-economic groups. This highlights the 
need for a non-toxic, anticariogenic agent that could supplement the effects of 
fluoride to further lower the incidence of dental caries. An agent which would 
reduce the dose of fluoride required to reduce the incidence of caries would be 
30 particularly desirable in view of community anxiety about fluoride, and in view 
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of the fact that fluorosis can develop even at currently used doses. 

The food group most recognised as exhibiting anticaries activity is datry 
products (milk, ntilk concentrates, powders and cheeses). US Patent No. 
5 ,30 123 discloses the component responsible for this anticariogenic acttvrty 
al calein. However, the use of casein as an anticariogenic agent is precluded 
hy adverse organolepticpK-pertiesartd the very high levels recptircd for acttvtty. 

PreUminaryinVestigationsdetermj^edthattrypticcaseinphosphopepttdes 
contributed to the anticariogenic activit/andthts was made subject ofUS Patent 
Ts 015,623. m particular, peptid/sos „.-casein X-3P (f59-79) [1], Bos 
B-casdn X-4P (fl-25) [2], Bos ajsein X-4P (f46-70) [3] and Bos a,-case.n 
X.4P (fl-2n [4] were disclosed -A US Patent 5,015.628 as follows: 

Gln»-Met-Glu-Ala-Gluyer(P)41e.Ser(P)-Se.<P)-Ser(P)-Glu-^^^^^^^ 
Pro-Asn-Ser(P)-Val-Gl/Gln-Lys''. a„(59-79) 

Arg'-Glu-Leu-Glu-iu-Leu-Asn-Val-Pro-Gly-Glu-Ile-Val-Qlu-^ 
Leu-Ser(P)-Ser(pWer(P)-Glu-Glu-Ser-Ile.Thr-Arg^^ B(l-25) 

m Asn«-Ala-Asn-Gl/-Glu-Glu.Tyr.Ser-Ile-G,y-Ser(P)-Ser(P)-^^^^^^^ 
G,u.Ser{P)-Ala-c(lu-Val-Ala-Thr-Glu-Glu-Val-Lys'«. a.(46-70) 

[4] Lys'-Asn-Thr-iet-Glu-His-Val-S^^^ 

Ser(P>Gln-Gli-Thr-Tyr-Lys^'. as2(l-21) 

The preliminary determination of the above phosphopeptides for use in 
combination with CaHPO. and hydro.yapatite provided P^''^ 
anticariogenicproperties. However, subsec^ent investigattons have de—d 
that the Ser(P) Custer secuence motif within the prevtous dtsclosed 
phosphopeptides have the unexpected ability to stabilize their own wetght m 
,5 Lorphous calcium phosphate. The ability of the above phosphopep,des artd 
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in particular the Ser(P) motif to stabilise amorphous caleium phosphate was 
quite unexpected and neither disclosed or taught in any publications known to 
the Applicants. We have now found that the amorphous form of calcium 
phosphate Ca3(P0.),s,(HP0,)„.xH,0 where x > 1 stabilised by the casern 
5 phosphopeptides is the most soluble, basic form of non-crystalline calctum 
phosphate and a superior form of calcium phosphate which prevents canes and 
increases calcium bioavailability. Amorphous calcium phosphate (ACP) must 
be formed by careful titration of Ca ions (eg CaCy and phosphate ions (eg Na 
HPO,) while maintaining the pH above 7 (preferably 9.0) in the presence of the 
10 phosphopeptide. As the ACP is formed, the phosphopeptide binds to the 
nascent nuclei and stabilises the ACP as a phosphopeptide-ACP complex. 
Without the phosphopeptide, the ACP will precipitate out of solution and 
transform within minutes into the most stable calcium phosphate phase, 
crystalline hydroxyapatite (HA). HA, by being insoluble has hmtted 
15 anticariogenic activity and presents calcium in a poorly bioavailable form. The 
acidic phase of calcium phosphate CaHPO., while certainly being more soluble 
thanhydroxyapatite, is poorly boundbythephosphopeptide and poorly locaUsed 

at the tooth surface and therefore also has limited anticariogenic activity. tHe 
unexpected ability of the aforementioned phosphopeptides and in particular 
20 Ser{P)ctetermotiftostabilizeamorphouscalciumphosphatewasnotd.sclosed 
or taught in US Patent No. 5,015,628 and provides for the first time a reliable 
and effective method of producing a stabilized amorphous calcium phosphate 
complex having distinct and novel advantages in calcium treatments and 
delivery US Patent No. 5,015,628 does not disclose the unique amorphous 
25 calciumfluoridephosphatephaseCa,(PO.)3FxH,Owherexalwhichwehave 
now found to be stabilised by the above phosphopeptides and can be locahsed 
at the tooth surface to provide superior anticaries efficacy. Tliis unexpected 
ability to stabilize amorphous calcium phosphate forms the basis of the instant 


invention. 
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, The HPO is believed to act as a coating for the ACP cluster. 

to the complex. The HPO, , ^ ^ stable soluble alkaline 

takes the alternative form ot a staorc 
When the complex takes tnc u„„, calcium phosphate, 

..,..phosphatecomplexmclu.msstah..e^o.^^^^^^^^^^ 

the amorphous calcium phosphate may be of PP 
[Ca,(PO,).xH.O] wherein. ^1. ,3 , „i„o, optional component. 

The complex may further mclude HPO. as a m, 

, J. Uo. Of casern or ^Z^ZZZ 
,hosphi.in,orbyc.n.~^ 

flie core sequence -Ser(P)-Ser(P) ) ^^^^^^^^^ 
oore sequence may be any sequence However 
„.,(59-79) [11, B(l-23) [2], a.(46-70) [3] and a ( -2 [ P 
nankms sequences may optionally be ^^'^^^.^^^^ 
conservativesubstitutionofoneormoreresi^u^^^^^^^^^^^ 
and sequence of the flanking region are not cntical as long 
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of the peptide is maintained and .hat all phosphoryl and carboxyl groups 
interacting wtth calcium >ons are maintained as .he preferred flanldng regtons 
appear to contribute to the structural action of .he motif. 

The complex formed preferably has the formula [(PP)(CP)J„ where n ts 
equal .0 or greater than 1, for example, 6. The complex formed may be a 

colloidal complex. 

The phosphopeptide binds to the ACP cluster to produce a metastable 
solution m which grow«, of ACP to a size that .nitiates nuclea.ion and 
p.ecipi.ation is preven.ed. In .his way. calcium and other ions such as fluonde 
L can be localised, for instance a. a surface on a tooth to prevent 
demineralisation and prevent formation of dental canes. 
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Thus, in a second aspect, the invention provides a stable calcium 
phosphate complex as described above, which complex acts as a delivery vehicle 
that co-localises ions including, but not limited to calcium, fluoride and 
phosphate ions at a target site. In a preferred embodiment, the complex is in 
5 a slow-release amorphous form that produces superior anti-caries efficacy. 

In a particularly preferred embodiment of the invention, the stable 
calcium complex is incorporated into dentifrices such as toothpaste, mouth 
washes or formulations for the mouth to aid in the prevention and/or treatment 
of dental caries or tooth decay. The calcium complex may comprise 0.05-50% 
10 by weight of the composition, preferably 1.0-50%. For oral compositions, it is 
preferred that the amount of the CPP-ACP and/or CPP-ACFP administered is 
0.05 - 50% by weight, preferably 1.0% - 50% by weight of the composition. 
The oral composition of this invention which contains the above-mentioned 
agents may be prepared and used in various forms appHcable to the mouth such 
15 as dentifrice including toothpastes, toothpowders and liquid dentifrices, 
mouthwashes, troches, chewing gums, dental pastes, gingival massage creams, 
gargle tablets, dairy products and other foodstuffs. The oral composition 
according to this invention may fiirther include additional well known 
ingredients depending on the type and form of a particular oral composition. 
20 In certain highly preferred forms of the invention the oral composition 

may be substantially liquid in character, such as a mouthwash or rinse. In such 
apreparation the vehicle is typically a water-alcohol mixture desirably including 
a humectant as described below. Generally, the weight ratio of water to alcohol 
is in the range of from about 1:1 to about 20:1. The total amount of water- 
25 alcohol mixture in this type of preparation is typically in the range of from 
about 70 to about 99.9% by weight of the preparation. The alcohol is typically 
ethanol or isopropanol. Ethanol is preferred. 

The pH of such liquid and other preparations of the invention is generally 
in the range of from about 5 to about 9 and typically from about 7.0 - 9.0. The 
30 pH can be confrolled with acid (e.g. cifric acid or benzoic acid) or base (e.g. 
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sodium hydroxide) or buffered (as with sodium citrate, benzoate, carbonate, or 
bicarbonate, disodium hydrogen phosphate, sodium dihydrogen phosphate, etc). 

In other desirable forms of this invention, the oral composition may be 
substantially sohd or pasty in character, such as toothpowder, a dental tablet or 
5 a toothpaste (dental cream) or gel dentifrice. The vehicle of such solid or pasty 
oral preparations generally contains dentally acceptable polishing material. 
Examples of pohshing materials are water-insoluble sodium metaphosphate, 
potassium metaphosphate, tricalcium phosphate, dihydrated calcium phosphate, 
anhydrous dicalcium phosphate, calcium pyrophosphate, magnesium 
10 orthophosphate, trimagnesium phosphate, calcium carbonate, hydrated alumina, 
calcined alumina, aluminum silicate, zirconium silicate, silica, bentonite, and 
mixtures thereof Other suitable pohshing material include the particulate 
thermosetting resins such as melamine-, phenolic, and urea-formaldehydes, and 
cross-linked polyepoxides and polyesters. Preferred pohshing materials include 
15 crystalline silica having particle sized of up to about 5 microns, a mean particle 
size of up to about 1.1 microns, and a surface area of up to about 50,000 
cmVgm., silica gel or colloidal sihca, and complex amorphous alkah metal 
aluminosilicate. 

When visually clear gels are employed, a polishing agent of colloidal 
20 silica, such as those sold under the trademark SYLOID as Syloid 72 and Syloid 
74 or under the trademark SANTOCEL as Santocel 100, alkali metal alumino- 
silicate complexes are particularly useful since they have refractive indices close 
to the refractive indices of gelling agent-hquid (including water and/or 
humectant) systems commonly used in dentifrices. 
25 Many of the so-called "water insoluble" polishing materials are anionic 

in character and also include small amounts of soluble material. Thus, insoluble 
sodium metaphosphate may be formed in any suitable manner as illustrated by 
Thorpe's Dictionary of Apphed Chemistry, Volume 9, 4th Edition, pp. 510-511. 
The forms of insoluble sodium metaphosphate known as MadrelFs sah and 
30 Kurrol's saU are further examples of suitable materials. These metaphosphate 
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salts exhibit only a minute solubility in water, and therefore are commonly 
referred to as insoluble metaphosphates (IMP). There is present therein a minor 
amount of soluble phosphate material as impurities, usually a few percent such 
as up to 4% by weight. The amount of soluble phosphate material, which is 
5 believed to include a soluble sodium trimetaphosphate in the case of insoluble 
metaphosphate, may be reduced or eliminated by washing with water if desired. 
The insoluble alkali metal metaphosphate is typically employed in powder form 
of a particle size such that no more than 1% of the material is larger than 37 
microns. 

10 The polishing material is generally present in the solid or pasty 

compositions in weight concentrations of about 10% to about 99%. Preferably, 
it is present in amounts from about 10% to about 75% in toothpaste, and from 
about 70% to about 99% in toothpowder. In toothpastes, when the poUshing 
material is silicious in nature, it is generally present in amount of about 10-30% 
15 by weight. Other poUshing materials are typically present in amount of about 
30-75% by weight. 

In a toothpaste, the Uquid vehicle may comprise water and humectant 
typically in an amount ranging from about 10% to about 80% by weight of the 
preparation. Glycerine, propylene glycol, sorbitol and polypropylene glycol 
20 exemplify suitable humectants/carriers. Also advantageous are liquid mixtures 
of water, glycerine and sorbitol. In clear gels where the refractive index is an 
important consideration, about 2.5 - 30% w/w of water, 0 to about 70% w/w of 
glycerine and about 20-80% w/w of sorbitol are preferably employed. 

Toothpaste, creams and gels typically contain a natural or synthetic 
25 thickener or gelling agent in proportions of about 0.1 to about 10, preferably 
about 0.5 to about 5% w/w. A suitable thickener is synthetic hectorite, a 
synthetic colloidal magnesium alkali metal silicate complex clay available for 
example as Laponite (e.g. CP, SP 2002, D) marketed by Laporte Industries 
Limited. Laponite D is, approximately by weight 58.00% SiO^, 25.40% MgO, 
30 3.05% NasO, 0.98% LiaO, and some water and trace metals. Its true specific 
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gravity is 2.53 and it has an apparent bulk density of 1.0 g/ml at 8% moisture. 

Other suitable thickeners include Irish moss, iota carrageenan, gum 
tragacanth, starch, polyvinylpyrrolidone, hydroxyethylpropylcellulose, 
hydroxybutyl methyl cellulose, hydroxypropyl methyl cellulose, hydroxyethyl 
5 cellulose (e.g. available as Natrosol), sodium carboxymethyl cellulose, and 
colloidal silica such as finely ground Syloid (e.g. 244). Solubilizing agents may 
also be included such as humectant polyols such propylene glycol, dipropylene 
glycol and hexylene glycol, cellosolves such as methyl cellosolve and ethyl 
cellosolve, vegetable oils and waxes containing at least about 12 carbons in a 
10 straight chain such as olive oil, castor oil and petrolatum and esters such as 
amyl acetate, ethyl acetate and benzyl benzoate. 

It will be understood that, as is conventional, the oral preparations are to 
be sold or otherwise distributed in suitable labelled packages. Thus, a jar of 
mouthrinse will have a label describing it, in substance, as a mouthrinse or 
15 mouthwash and having directions for its use; and a toothpaste, cream or gel will 
usually be in a collapsible tube, typically aluminium, lined lead or plastic, or 
other squeeze, pump or pressurized dispenser for metering out the contents, 
having a label describing it, in substance, as a toothpaste, gel or dental cream. 
Organic surface-active agents are used in the compositions of the present 
20 invention to achieve increased prophylactic action, assist in achieving thorough 
and complete dispersion of the active agent throughout the oral cavity, and 
render the instant compositions more cosmetically acceptable. The organic 
surface-active material is preferably anionic, nonionic or ampholytic in nature 
and preferably does not interact with the active agent. It is preferred to employ 
25 as the surface-active agent a detersive material which imparts to the composition 
detersive and foaming properties. Suitable examples of anionic surfactants are 
water-soluble sahs of higher fatty acid monoglyceride monosulfates, such as the 
sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil 
fatty acids, higher alkyl sulfates such as sodium lauryl sulfate, alkyl aryl 
30 sulfonates such as sodium dodecyl benzene sulfonate, higher alkylsulfo-acetates. 
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higher fatty acid esters of 1,2-dihydroxy propane sulfonate, and the substantially 
saturated higher aliphatic acyl amides of lower aliphatic amino carboxylic acid 
compounds, such as those having 12 to 16 carbons in the fatty acid, alkyl or 
acyl radicals, and the like. Examples of the last mentioned amides are N-lauroyl 
5 sarcosine, and the sodium, potassium, and ethanolamine salts of N-lauroyl, N- 
myristoyl, or N-palmitoyl sarcosine which should be substantially free from 
soap or similar higher fatty acid material. The use of these sarconite 
compounds in the oral compositions of the present invention is particularly 
advantageous since these materials exhibit a prolonged marked effect in the 
10 inhibition of acid formation in the oral cavity due to carbohydrates breakdown 
in addition to exerting some reduction in the solubility of tooth enamel in acid 
solutions. Examples of water-soluble nonionic surfactants suitable for use are 
condensation products of ethylene oxide with various reactive hydrogen- 
containing compounds reactive therewith having long hydrophobic chains (e.g. 
15 aliphatic chains of about 12 to 20 carbon atoms), which condensation products 
("ethoxamers") contain hydrophiUc polyoxyethylene moieties, such as 
condensation products of poly (ethylene oxide) with fatty acids, fatty alcohols, 
fatty amides, polyhydric alcohols (e.g. sorbitan monostearate) and 
polypropyleneoxide (e.g. Pluronic materials). 
20 The surface active agent is typically present in amount of about 0.1-5% 

by weight. It is noteworthy, that the surface active agent may assist in the 
dissolving of the active agent of the invention and thereby diminish the amount 
of solubilizing humectant needed. 

Various other materials may be incorporated in the oral preparations of 
25 this invention such as whitening agents, preservatives, sihcones, chlorophyll 
compounds and/or ammoniated material such as urea, diammonium phosphate, 
and mixtures thereof. These adjuvants, where present, are incorporated in the 
preparations in amounts which do not substantially adversely affect the 
properties and characteristics desired. 
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Any suitable flavouring or sweetening material may also be employed. 
Examples of suitable flavouring constituents are flavouring oils, e.g. oil of 
spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus, 
marjoram, cimiamon, lemon, and orange, and methyl salicylate. Suitable 
5 sweetening agents include sucrose, lactose, maltose, sorbitol, xylitol, sodium 
cyclamate, perillartine, AMP (aspartyl phenyl alanine, methyl ester), saccharine, 
and the like. Suitably, flavour and sweetening agents may each or together 
comprise from about 0.1% to 5% more of the preparation. 

In the preferred practice of fliis invention an oral composition according 
10 to this invention such as mouthwash or dentifrice containing the composition of 
the present invention is preferably applied regularly to the gums and teeth, such 
as every day or every second or third day or preferably from 1 to 3 times daily, 
at a pH of about 4.5 to about 9, generally about 7.0 to about 9, for at least 2 
weeks up to 8 weeks or more up to a lifetime. 
15 The compositions of this invention can also be incorporated in lozenges, 

or in chewing gum or other products, e.g. by stirring into a warm gum base or 
coating the outer surface of a gum base, illustrative of which may be mentioned 
jelutong, rubber latex, vinylite resins, etc., desirably with conventional 
plasticizers or softeners, sugar or other sweeteners or such as glucose, sorbitol 

20 and the like. 

In another embodiment, the complex of the invention is formulated to 
form a dietary supplement preferably comprising 0.1-100% w/w, more 
preferably 1-50% w/w, most preferably 1-10% and particularly 2% w/w. The 
complex may also be incorporated into food products. 
25 Accordingly, in a third aspect, the invention provides compositions 

including pharmaceutical compositions comprising the calcium complex as 
described together with a pharmaceutically-acceptable carrier. Such, 
compositions may be selected from the group consisting of dental, anti- 
cariogenic compositions, therapeutic compositions and dietary supplements. 
30 Dental compositions or therapeutic compositions may be in the form of a gel. 
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liquid, solid, powder, cream or lozenge. Therapeutic compositions may also be 
in the form of tablets or capsules. 

In a fourth aspect, there is provided a method of treating or preventing 
dental caries or tooth decay comprising the step of administering a complex or 
5 composition of the invention to the teeth or gums of a subject in need of such 
treatments. Topical administration of the complex is preferred. 

In a fifth aspect, the invention relates to methods of treating one or more 
conditions related to calcium loss from the body, especially from the bones, 
calcium deficiency, calcium malabsorption, or the like. Examples of such 
10 conditions include, but are not limited to, osteoporosis and osteomalacia. In 
general any condition which can be improved by calcium bioavailability is 
contemplated. 

In a sixth aspect, the invention also provides a method of producing a 
stable complex of calcium phosphate as described above, comprising the step 
15 of: 

(i) obtaining a solution of phosphopeptide having a pH of about 9.0; 

(ii) admixing (i) with solutions comprising calcium, and inorganic 
phosphate and optionally fluoride at a pH of about 9.0; 

(iii) filtering the mixture resulting from step (ii), and 
20 (iv) drying to obtain the said complex. 

The complexes of the invention are useful as calcium supplements in 
subjects in need of stimulation of bone growth, for example subjects undergoing 
fracture repair, joint replacement, bone grafts, or craniofacial surgery. 

These complexes are also useful as dietary supplements in subjects who 
25 for any reason, such as dietary intolerance, allergy, or religious or cultural 
factors, are unable or unwilling to consume dairy products in an amount 
sufficient to supply their dietary calcium requirements. 

It will be clearly understood that, although this specification refers 
specifically to applications in humans, the invention is also useful for veterinary 
30 purposes. Tlius in all aspects the invention is useful for domestic animals such 
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as cattle, sheep, horses and poultry; for companion animals such as cats and 
dogs; and for zoo animals. 

nFTATT FT> DKSCRI PTTON OF TH E INVENTION 

The invention will now be described in detail by way of reference only 
5 to the following non-limiting Examples. 

Example 1 Pre paration o f TPP-ACP and CPP-ACFP 

A. Preparation of CPP-ACP 

A 10% w/v casein (Murray doulbum, Victoria, Australia) or caseinate 
solution was prepared at pH 8.0 av/d then digested with trypsin at 0.2% w/w of 
10 the casein for 2h at 50°C witK the pH controlled to 8.0 ± 0.1 by NaOH 
addition. After digestion the /Solution was adjusted to pH 4.6 by the addition 
of HCl and the precipitate removed by centrifiigation or microfiltration. 
However, the solution can/also be clarified by microfiltration at pH 8.0 without 
acidification. The supernatant or microfiltrate was then adjusted to pH 9.0 with 
NaOH, then CaCl^ (ly6 M) and Na2HP04 (1 M) at pH 9.0 were added slowly 
X / (< 1% vol per minVWith constant agitation with the pH held constant at 9.0 ± 
I 0.1 by NaOH addition. CaClz and sodium phosphate were added to the final 
concentrations o/ 100 mM and 60 mM respectively. Following the addition of 
the calcium and phosphate solutions, the solution was microfiltered through a 
20 0.1 or 0.2 lan/microfilter (ceramic or organic) to concentrate tiie solution five 
fold. The ifetentate was then diafiltered with one to five volumes of distilled 
water. The retentate after diafiltration was spraydried to produce a white 
powder that was 50% CPP and 40% ACP and residue water. Analysis of die 
CPP oCthe CPP-ACP complex by reversed-phase HPLC, sequence analysis and 
25 mass /pectrometry revealed tiiat the only peptides that are capable of stabilising 
the /norphous calcium phosphate and retained during the microfiltration and 
di^ltration are Bos a.^-casein X-5P (f59-79) [1], Bos B-casein X-4P (fl-25) 
1, Bos a^-casein X-4P (f46-70) [3] and Bos a,2-casein X-4P (fl-21) [4] and 
mcated and heat modified forms of these peptides. 
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B. Preparation of CPP-ACFP 

A 10% w/v casein or caseinate solution was prepared at pH 8.0 ± 0.1 and 
then digested with trypsin at 0.2% w/w of the casein for 2h at 50°C. After 
digestion the solution was adjusted to pH 4.6 by the addition of HCl and the 
5 precipitate removed by centrifugation or microfiltration. However the solution 
can also be clarified by microfiltration at pH 8.0 without acidification. The 
supernatant or microfiltrate was then adjusted to pH 9.0 with NaOH, then CaCl^ 
(1.6M),Na2HP04 (1 M) at pH 9.0 and 200 mM NaF were added slowly (< 1% 
vol per min) with constant agitation with the pH held constant at 9.0 ± 0.1 by 
10 NaOH addition. CaCl^, sodium phosphate and NaF were added to the final 
concentrations of 100 mM, 60 mM and 12 mM respectively. Following the 
addition of the calcium, phosphate and fluoride solutions the solution was 
microfiltered through a 0.1 or 0.2 ^lm microfilter (ceramic or organic) to 
concentrate the solution five fold. The retentate was then diafiltered with one 
15 to five volumes of distilled water. The retentate after diafiltration was 
spraydried to produce a white powder that was 50% CPP and 40% ACFP and 
residue water. 

The powdered CPP-ACFP was then reconstituted in distilled water to 
produce highly concentrated solutions. For example, a 10% w/v CPP-ACFP 

20 solution containing 640 mM Ca, 400 mM phosphate and 80 mM F 
(1,520 ppm F ) at pH 9.0 has been prepared as well as a 20% CPP gel 
containing 1.28 M Ca, 800 mM phosphate and 160 mM F (3,040 ppm F ) at pH 
9.0. This solution and gel exhibit a significantly greater anticariogenicity 
relative to the fluoride alone and therefore are superior additives to toothpaste 

25 and mouthwash and for professional application to improve the efficacy of the 
current fluoride-containing dentifrices and professionally-applied products. 

Example 2 Structural S tudies of CCP-ACP 

A. Structure and Interaction of CCP-ACP 

:asein phosphopyiptides containing the Ser(P) cluster, ie. the core 
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secuenoe motif Se WwVGlu-G.u-, have a .a,^d ab.Uty o 
sluze calcium phosp/e .„ solution. Solutions con.ain.ng 0.1% w/v a (59 
;Hnat various pHllciumandphosphate concentration, .utco..^^^^^^^ 
« is were us/to characterise the peptide's interaction wrth c^crun, 
;:phate. Thelptide was found to max.nra„v hind .4 Ca and 16 Pr per 

molecule as sh/wn in Table 1. / , i. 

The ioTactivity products for the various calci^ phosphate phases 
[..droxyapatrte (HA); octacalcium phosphate (OC^ tricalciurn phospha. 
TCP)Lorphousca,ciun,phosphate(ACP);anddi^ciun.phosphated.hydrate 

,0 (DCPD) were determrned f^on, the free calciuj/nd phosphate concen^ttorts 
IchpHusingacomputerprogranrthatca/atestheionaotrvrtycoefEctents 

lu^theuseoftheexpandedBehye-HX, equation .d^^^^^^^^^ 
..e ion pairs CaHPO » CaH^PO/, CaPo/ and CaOH^ *e dtssocratron of H^O^ 
1 H,0 and the ionic strength. The X .on activity product 
eorrel ted with calciun. phosphate/und to the peptide rndependently of ^ 
Ithatcor^spondrngtoACP [C^PO,),.3,(HPO.V.HPl indicatrng ^at th. 
Tthe phase stahihsed by The peptide a.,(59-79) h.nds to onnrng 

Is^rs producng a Xtahle solution preventing ACP growth o . 
critical sizereciuired for nJeationandprecipitation. The b.nd.„gof a. 59-7 ) 

TaCP result h. the fZation of colloidal complexes with the un.t fonnu^» 
„^5l79)(ACP)J„ Zre n is e.ua. to or greater than one. It is likely that the 
[a.,(59 79)(AC glutaraldehyde in the 

^"T:; r/r ra himer on polyacrylantide gel elect^phoresis. 
::r:nl7rynthetic octapeptlde .,(«.70) Ac01u-Ser(P)-ne-Ser(P)- 
"Xoiu^IMe only hinds U Ca and S Pi per ntolecule^e. 
CACP , anZ.e synthetic peptides corresponding to the K-temunus «.,( 9 63 , 
Ll/lu-Ala-Glu andtheC— ^71-78), -Val-Pro-Asn-S^ > 

ThesLults indicate that conformational specificity is essentral for full ACP 
30 binding. 
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B NMR Studies 

Protein flexibility in soludon is the onts«mding characteristic to emerge 
ftom spectroscopy studies on proteins containing the Ser(P) duster secuence 
(.Ser(P)-Scr(/.)-Ser(/')-) such as phosvitin fton, egg yolk and phosphophoryn 
5 L tooth dentine. Phosphorylation appears to destabilise secondary and 
tertiary strucmre rather than promote higher levels of ordering. However, 
flexible phosphorylated sequences adapt more regular conformations when 
hound to calcium phosphate. Optical rotatory dispersion (ORD), cr^lar 
diehroism (CD), hydrodynamic and "P nuclear magnetic resonance (NMR) 
,0 measurements of the caseins al, .ndicate that a^-casein and B-casem have a 
rather open structure in solution with many amino acid side chatns exposed to 
solvent and relatively flexible. ''P-NMR relaxation measurements indtcate that 
Ser(J') residues are relatively mobile in 6-casein. 

We have demonstrated medium- a/d long-range nuclear Overhauser 
15 enhancements (nOes) in 2D 'H NMR sp/«a of a.(59-79) m «- .He presence 
of Ca- indicating a conformational pr^-nce. Two structi^red regtons were 
identified. Residues Val72 to Vaiv/are implicated in a B-tum conformation^ 
Residues G1U6, to Ser(P)67, whicyixtend over part of the Ser(P) Custer motif 
, .Ser(P)-Ser(P)-Ser(P)-Glu.Glu- /e involved in a loop-type structi^re. 2DNMR 
,o\sti,dies on B-casem(l-25) in ./presence of calcium have ^^^^ — 
J^xf\angenOeinthe-SeKP)-Se^-Ser(P)-Glu-Glu=^^ 

0 /caHofSer(P)'»andNH /g1u». — ^^^^^ 

' between the CaH of Se/and NH of Tht>'. Evidence ftom the H NMR 
spectra of a.-casein(l-2y( [4] have shown fltat several residues includtng those 

,5 around the -Ser(P)-Ser/)-Ser(P)-G,u.Glu- are pem:rbed. Furthermore, there 
are medium range nf between NH of Ser(P)' andNH of GW. ^s .s yet 
another exampleof/mediumr.genOein,he.SeKP)-Ser(P)-Ser(P)-G,u-C^^^^ 
motif Other exalles of medium range noes include ti,atbetwe» tire NH of 

lle^^andNHofSerCPy. 
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„ the N)4r data indicates that preferred conformations exist 
'"^'''^ tienceofcalciuntions. MoiecuiarmodeUngofboth 
,„,.esepephdes,ny re.^eo ^^^^^^^ ^^^^ ^ ^ 

(59-79) and 60^25) usmg ^ .j^p, eonformations that allow 

^.ctroscop. ha indicated ^ ^^^^^^^^^^ .s..,Py^^^^^ 
both glutamyl a^phosphoseryl side chains of the 

for maximal mtera/ion with ACP. 
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^"narly, we investigated the adsorption of the CPP and synthe«c 
hotnolcgues and analogues ontoHA(Tab>e2). These data alsoconfinn that the 

Set(P) cluster sequence is the major determinant for high affinity btndxng and 
3 that all three contiguous Ser(P) residues are essential as loss of any one, even 
.hen suhstintted with a Glu or Asp, resulted in a considerably lower affintty 
constant K as shown in Table 2. 
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TABLE 2. 
CPP and Synthetic Peptide binding to ] 


L at 37°C 



PNSVEQK 


a3,(59-79) QMEAESISXSEEIVPN^EQK 
a,i(63-70) ESEXSEE 
a3,(66-70) 
a,i(71-78) 

^a,,(59-63) QMEAE 

SSSfeE 
SEE 
>i:SEE 

eeeEE 

TGGEE 
GTGEE 
GGTEE 


K N 
ml/ (imol/ 


Molecular 
Area nm^ 


415 

0.35 

4.75 

10,370 

0.47 

3.56 

12,845 

0.52 

D.J. 1 

12,845 

0.52 


1,513 

0.96 

1.74 

6,579 

0.81 

2.04 

12,234 

0.51 

3.27 

1,013 

0.55 

3.03 

837 

0.44 

3.77 

1,799 

0.46 

3.61 


S ^k^xiP), 6 = Thr(P) 
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interestingly, repeating these HA adsorption experiments with salivary 
eoated HA (sHA) revealed that the Ser(P) cluster motif was still the major 
determinant tor adsorption although fl^e affinities of the peptides for the sHA 
was slightly reduced hy the presence of the salivary proteins. These results 
.n,gest that the predominant interaction of the CPP with pelhcle and p^a^u^^^^ 
Ukely to be electrostatic and mediated by the Se^P) cluster mohf of the CPP. 

we have also studied the do^ng of the peptide Se.< W)-Ser(P)- 
Glu-Glu- onto three c^stallogr/ic planes of HA, ,100!, (010) and (00,) 
using computer simulation te/iques and the unit cell coordinates of synthet.c 
Hr.1tesesimulat.onstuZrevealedthatthepeptide.Se,W^^^^^^^ 
Glu- Glu- is more lilcel/o bind to the (100) surface, followed by the 0 0 
surface. The Ser(P)/uster motif can therefore b.nd to both ,100) a:,d ,010, 
surfaces thus alloZg deposition of calcium, phosphate and hydroxyl rons on 
(001) surf2 enabling growth of the HA crystal along the c-axts only. 
These resultsLefore can l.ow explain the c-axis growth of HA crystals tn 
enamel anZentit^e. Detailed examination of the computer simulatron data 
shows tJthe .Ser{P)-Ser(P)-Ser(P)-Glu-Glu- conformer with the greatest 
relativlnding energy is positioned on the HA surface such that the carboxy 
groulof the glutamyl residues and the phosphoryl groups of thephosphoseryl 
^lesareinproximitytotheHAsurfacewithmaximalcontactbe^^^ 

g/oups and surface calcium atoms. 

The ability of the 1.0% w/v CPP-ACP pH 7.0 solution to prevent enamel 
demine^lisation was studied in a human situ caries mode,. The mode, 
2S consists of a removable appliance containing a left and right pan of ename 
slabs placed to produce a plaque ret»tion site. The inter-enamel plaque tha 
deve,oped (3-5 mg) was bacteriologically similar to normal supragmgrva, 
plaque, on frequent exposure to sucrose solutions overathreeweekpenod, the 

Ilase in levels of mutans streptococci and lactobacilli and in sub-surface 
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enamel demineralisation resulted in the formation of incipient "caries-like" 

lesions. • • f 

Two exposures of the m-ACP solution per day to the nght pa.r of 
enamel slabs for 12 subje/ produced a 51% ± 19% reduction in enamel 
5 mineral loss relative to t/eft-side, control enamel. The plaque exposed to the 
. CPP-ACP solution co/ined 78 ± 22 ^.mol/g calcium, 52 ± 25 ^tmol/g P, and 
^ 2 4 + 0 7 mg/g Ck/ compared with 32 ± 12 l^mol/g calcium and 20 ± 11 
umol/g P, in th/ontrol plaque. The level of the CPP was determined by 
; competitive eZsA using an antibody that recognises both a,(59.79) and B(l- 

,0 25) ElectXmicrographs of immunocytochemically stained sections of the 
plaque rZaled localisation of the peptide predominantly on the surface of 
microcZnisms but also in the extracellular matrix. 

Although these results indicate that CPP are incorporated into developmg 
dental plaque, the actual level determined by ELISA would not be a true 
1 5 representation of that incorporated due to the breakdown of the CPP in plaque 
through the action of phosphatase and peptidase activities. The incorporatton 
of the CPP-ACP in the plaque resulted in a 2.4 fold increase in the plaque 
calcium and a 2.6 fold increase in plaque P, with a Ca/P, ratio consistent wrth 
ACP 

study 

A clinical trial of a mouthwash used thrice daily containing 3.0% CPP- 
ACP pH 9.0 showed that the calcium content of supragingival plaque (lower 
anterior teeth excluded) inc«ased from 169 ± 103 ,mol/g dry weight to 610 ± 
25 234 ,moyg after use of the mouthwash for a three day period, and inorgarttc 
phosphate increased f^om 242 ± 60 ^mol/g dry weight to 551 i 164 ^oV,. 
Thesepost-mouthwashlevelsofcalciumandinorganicphosphatearethehrghest 

ever reported for non-mineralised supragingival plaque. 

Without wishing to be bound by any proposed mechanrsm for the 
30 observed advantages, it is believed that the mechanism of anticariogeniaty for 
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the CPP-ACP is the incorporation of amorphous calcium phosphate in plaque, 
thereby depressing enamel deminerahsat^on and enhancingremmeralisatio^ 
plaque CPP-ACP would act asareservoir of calcium and phosphate, buffenng 
the frel calcium andphosphate ion activities thereby helping to maintainastate 
5 ofsupersaturationwithrespecttotoothenamel. The binding of ACP to CPP 
is pH dependent with very little bound below pH 7.0. 

ExamEleJ RemineraUsati^^ 
A In vitro studies 

An in vitro enamd remineralisation system was used to study 
.e^ne^lisation of artificial lesions in human third molars ^y^^^ 
solutions, using this system, a 1.0% CPP-ACP solution replaced 56 ± 2 /o of 
mineral lost. A 0.1% CPP-ACP solution replaced 34 . ^^'^'^l^^^l^^ 
A forther number of solutions contaming various amounts of CPP (0. -Wo) 
ealcium(6-60mM)andphosphate(3.6-36mM) at different pHvalues(7.. 9.0) 

were prepared. The associations between the activities of the various calcum 
phosphate species in solution and the rate of enamel lesion remineralisatton for 
this series of solutions were then determined. 

The activity of the neutral ion species CaHPO,° in the vanous 
remineralising solutions was found to be highly correlated with the rate of 
lesion remineralisation. The diffusion coefficient for the remmer^satron 
process was estimated at3xlO-'»mV which is consistent with the eocfficents 

of diffusion for neutral molecules throughachargedmatrix. The rateofename 
remineralisation obtained with the 1.0«/. CPP-ACP solution was 3.3 x lO' mol 
HA/mVlO days which is the highest remineralisation ^ 
calcium phosphate ions, in particular flte neutral ron parr CaHPO after 
diffusion into the enamel lesion, will dissociate and thereby increase the degree 
of saturation with respect to HA. The formation of HA in the lesion w.1, ead 
to the generation of H,PO„ which being neutral itself, will diffi.se out of the 
lesion down a concentration gradient. 
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The results indicate that the CPP-bound ACP, 
CPP[Ca3(P04),8-;(HP04)o.2xH20]8 acts as a reservoir of the neutral ion species, 
CaHP04° that is formed in the presence of acid. The acid can be generated by 
dental plaque bacteria; under these conditions, the CPP-bound ACP would 
5 buffer plaque pH and produce calcium and phosphate ions, in particular 
CaHPO^^. The increase in plaque CaHPO^^ would offset any fall in pH thereby 
preventing enamel deminerahsation. Acid is also generated in plaque as H3PO4 
by the formation of HA in the enamel lesion during remineralisation. This 
therefore explains why the CPP-ACP solutions are such efficient remineralising 
10 solutions as they would consume the H3PO4 produced during enamel lesion 
remineralisation generating more CaHPO^^ thus maintaining its concentration 
gradient into the lesion. These results are therefore consistent with the proposed 
anticariogenic mechanism of the CPP being the inhibition of enamel 
deminerahsation and enhancement of remineralisation through the locaHsation 
15 of ACP at the tooth surface. 

B. Human in situ remineralisation studies 

The ability of CPP-ACP added to sugar-free (sorbitol) chewing gum to 
remineraUse enamel sub-surface lesions was investigated in a randomized, cross- 
over, double-blind study. Ten subjects wore removable palatal appliances with 
20 six,human-enamel,half-slabsinsetcontainingsub-surfacedeminerahsedlesions. 
Thl other half of each enamel slab was stored in a humidified container and 
was used as the control demineralised lesion. There were four treatment groups 
in the study, sugar-free gum containing 3.0% w/w CPP-ACP, sugar-free gum 
containing 1.0% w/w CPP-ACP, sugar-free gum with no CPP-ACP and a no- 
25 gum-chewing control. The gums were chewed for 20 min periods, four times 
a day. The appliances were worn for this 20 min period and a fiirther 20 min 
period after gum chewing. Each treatment was for 14 days duration and each 
of the ten subjects carried out each treatment with a one week rest between the 
treatments. At the completion of each treatment the enamel slabs were 
30 removed, paired with their respective demineralised control, embedded, 
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sectioned and subjected to microradiography and computer-assisted 
densitometric image analysis to determine the level of remmeralisafon. The 
sugar-free gum treatment resulted in 9.82 ± 1.81% remineralisation relative to 
the no-gum-chewing control whereas the gum containing 1.0% CPP-ACP 
produced 17.06 ± 2.48% remineralisation and the 3.0% CPP-ACP gum 
produced 22 70 ± 3.40% remineralisation with all values being significantly 
differ^it. These results showed that addition of 1.0% and 3.0% CPP-ACP to 
sugar-free gum produced a 74% and 131% increase respectively m sub-surface 
enamel remineralisation. 


10 ExamBleJ CPF ^rFP Mouthwash Study . 

A mouthwash study was conducted to determine the ability of a 3.0 /» 
CPPACFP mouthwash used thrice daily to increase supragingival plaque 
calcium, inorganicphosphateand fluoride ions. The 3.0% CPP-ACFP solution 
used as a mouthwash for four days contained 192 mM bound calcium ions. 120 
15 mM bound phosphate ions and 24mM (456 ppm) bound F ions stabilised by 
CPP The use of the mouthwash resulted in a 1.9 fold increase in plaque 
calcium, a 1.5 fold increase in plaque phosphate and a dramatic 18 fold increase 
in plaque fluoride ion as shown in Table 3. 
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TABLE 3. 

Effect of CPP-ACFP on Plaque, Ca, Pj and F Levels 


Ca Pi F 

}imol/g |amol/g |Limol/g 


Control 177 ± 53 306 ± 82 

3% CP? - ACFP 336 ± 107 471 ± 113 

1000 ppmF 158 ± 54 287 + 29 

3% CaCPP 193 ± 56 343 + 102 


1.1 ± 0.9 
19.9 ± 14.1 
1.9 + 1.0 
1.5 + 0.8 
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Although these marked increases in plaque calcium, phosphate and 
fluoride ^ere found, dental calculus was not observed in any of the subjects, 
suggesting that the plaque calcium fluoride phosphate remamed stabilised as the 
amorphous phase by the CPP and did not transform into a crystalline phase. 
5 These increases in the supragingival plaque levels of Ca, phosphate and fluonde 
ions produced by CPP-ACP are markedly greater than those obtamed m a 
similar study using CaCPP and 1000 ppm F (MFP and NaF) toothpastes tw,ce 
daily tor a similar time period as indicated in Table 3. These results show a 
marked synergistic effect between fluoride ions and the CPP-ACP. This is 
,0 particularly advantageous in view of the fact that the level of fluoride in oral 
compositions such as toothpaste can then be reduced, resulting in cost savings 
and lowered risk of fluorosis for individuals living in high-fluoride areas. 

EsaiDBleS Tntr--""" rPP-ACP witl,.Jiuogde 

An synergistic anticariogenic effect of the 1.0o/„ CPP-ACP together w.th 
500 ppm F was observed in a rat caries model. Analysis of the solution 
containing 1.0% CPP, 60 mM CaCl„ 36 mM sodium phosphate and 500 ppm 
F (26 3 mM NaF) pH 7.0 after ultrafiltration revealed that nearly half of the 
fluoride ion had incorporated into the ACP phase stabilised by the CPP to 
produce an amorphous calcium fluoride phosphate phase of composmon 
Ca,(PO,),F.H,0, with 24 Ca, 15 PO, and 3F molecules per CPP molecule. 

Without wishing to be limited by any proposed mechanism for the 
observed beneficial effect, we consider that the anticariogenic mechanism of the 
CPP-ACP is the localisation of ACP at the tooth surface such that m the 
presence of acid, the ACP dissociates to release Ca and phosphate tons 
increasing the degree of saturation with respect to HA preventing enamel 
demineralisationandpromotingremineralisation.Theanticariogenicmechan.sm 

of fluoride is the localisation of the fluoride ion at the tooth surface, particularly 
in plaque in the presence of Ca and phosphate ions. This localisation increases 
fte degree of saturation with respect to fluqiapatite (FA) thus promotmg 
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1 TTA Tt clear that for the formation of FA 

— 

fs!^ 0^ wi* the fluoride ion. The synergistic antioariogen.c effect of 
::;SlHisthereforeattri.uta.e.otHe— onofAC^^ 
^ . hv the CPP which in effect would co-localise Ca, P. and F. 

' ^""^rwas—e dinthe™^^^^^^ 

Metastab,esolut,onsoftheCPPatpH7.0havebeenpreparedco„ta,nmg 

„,hous calcium fluoride phosphate at remarkably high concentrations . For 
0::w. CPP .ACFP somtion cont.ni„g MO mM C. 400 mM 

r . and 80 mM F (1,520 ppm F ) atpH 7.0 has been prepared as well as 
10 phosphate and 80 mM F ( PP ^ ^ 

■> 90% CPP gel contaimng 1.28 M Ca, suu nu f i- 
3 04^ ^m P ) at pH 7.0. This solution and gel exhibit a significantly greater 
.enic ty relative to the fluoride alone, and therefore are superror 
~:: Xes .d mouthwash and for professional appUcation^o 
1, the efficacy of the current fluoride-contarmng denttfrrces and 

professionally-applied products. 

specific examples of formulations containing the complexes of the 

invention are provided below. 
Ex^nple^ Tooteste_toiml^^ 
20 Formulation 1 
TTi^ rredient 

Dicalcium phosphate dihydrate 
Glycerol 

Sodium carboxymethyl cellulose 
25 Sodium lauryl sulphate 

Sodium lauroyl sarconisate 
Flavour 

Sodium saccharin 
Chlorhexidine gluconate 
30 Dextranase 


% w/w 

50.0 

20.0 
1.0 
1.5 
0.5 
1.0 
0.1 
0.01 
0.01 
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CPP-ACFP 
Water 

Formulation 2 
TTif^ redietrt 
5 Dicalcium phosphate dihydrate 
Sorbitol 
Glycerol 

Sodium carboxymethyl cellulose 
Sodium lauryl sulphate 
10 Sodium lauroyl sarconisate 
Flavour 

Sodium saccharin 
Sodium monofluorophosphate 
Chlorhexidine gluconate 
15 Dextranase 

CPP-ACFP 

Water 


28 


1.00 
balance 


% w/w 
50.0 
10.0 
10.0 
1.0 
1.5 
0.5 
1.0 
0.1 
0.3 
0.01 
0.01 
2.0 

balance 


Formulation 3 
Tn ^edient 
20 Dicalcium phosphate dihydrate 
Sorbitol 
Glycerol 

Sodium carboxymethyl cellulose 
Lauroyl diethanolamide 
25 Sucrose monolaurate 
Flavour 

Sodium saccharin 

Sodium monofluorophosphate 


% w/w 

50.0 

10.0 

10.0 
1.0 
1.0 
2.0 
1.0 
0.1 
0.3 
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Chlorhexidine gluconate 

Dextranase 

CPP-ACFP 

Water 
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0.01 
0.01 
5.0 

balance 
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5 Formulation 4 
Tn^edient 
Sorbitol 
Irish moss 

Sodium Hydroxide (50%) 
10 Gantrez 

Water (deionised) 
Sodium Monofluorophosphate 
Sodium saccharine 
Pyrophosphate 
15 Hydrated alumina 
Flavour oil 
CPP-ACFP 

sodium lauryl sulphate 


% w/w 
22.0 
1.0 
1.0 
19.0 
2.69 
0.76 
0.3 
2.0 
48.0 
0.95 
1.0 
2.00 


Formulation 5 
20 Tt^p redient 

Sodium polyacrylate 
Sorbitol 
Glycerol 
Flavour 
25 Sodium saccharin 

Sodium monofluorophosphate 
Chlorhexidme gluconate 
Ethanol 


% w/w 
50.0 
10.0 
20.0 
1.0 
0.1 
0.3 
0.01 
3.0 


PCT/AU98/00160 


WO 98/40406 


30 


CPP-ACFP 
Linolic acid 
Water 

g^^^^^^gleJO Mouthwashfomi^^ 
5 Formulation 1 
Tn ^edient 
Ethanol 
Flavour 

Sodium saccharin 
10 Sodium monofluorophosphate 
Chlorhexidine gluconate 
Lauroyl diethanolamide 
CPP-ACFP 
Water 


2.0 
0.05 
balance 


0.01 
0.3 
2.0 

balance 


15 Formulation 2 
Tnf jredient 
Gantrez S-97 
Glycerine 
Flavour oil 
20 Sodium monofluorophosphate 
Chlorhexidine gluconate 
Lauroyl diethanolamide 
CPP-ACFP 
Water 


% w/w 
2.5 
10.0 

0.4 

0.05 

0.01 

0.2 

2.0 

Balance 
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g^^^nglejl LgzengeJbrmulMi^ 


% w/w 




75-80 

Sugar 

1-20 

Com syrup 


Flavour oil 

1-2 

0.01-0.05 


NaF 



3.0 

CPP-ACFP 


1-5 

Mg stearate 


balance 

Water 



10 E2mElei2 GingivalMassageCr^ 
Tn predient 
White petrolatum 
Propylene glycol 
Stearyl alcohol 
1 5 Polyethylene Glycol 4000 
Polyethylene Glycol 400 
Sucrose monostearate 
Chlorohexidine gluconate 
CPP-ACFP 
20 Water 

Tn ^edient 
Gum base 
Calcium carbonate 
25 Crystalline sorbitol 
Glycerine 
Flavour oil 
CPP-ACFP 
Water 


frtrmulation 
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"^ACP was added at 1.0«/« w/w of the d,e. of rachitto — to 
aetennine .he ability of .he CPP-ACP to provide bioavailablecalciutn for bo„^ 

T n CPP ACP a. 1 .0% w/w in *e diet produced a 34% reductton tn the 
accretion. CPP-ACP ^ 22% 

<; incidence of growtti plate abnormalizes, a 17 /o increase m 
5 incidence oiB k animals which was 

.eduction in the cartilaginous growth plate m the 
significantiy greater than the CPP alone (Table 4) indicating tot *e CPP ACP 
:Cor .0 the CPP in providing bioavailable dietary calcium and in 
facilitating bone accretion. 
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TABLE 4. 


Effect of 1.0% CPP-ACP addition to the diet of rachitic chickens 
on incidence of growth plate abnormalities, tibial ash and 
cartilaginous growth plate width 


o/. Growth "/.Tibial Ash Gro-^^^^'^ 
Abnonnalities 


Control 
1.0% CPP 
1.0% CPP-ACP 


53 ±5 
47 + 9 
35 + 3 


30 + 2 
30 ±2 
35 ± 1 


5.4 + 0.2 
5.3 + 0.2 
4.2 ± 0.2 


rciiAvmimta 
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It should be understood that while the invention has been described ,n 
detail for the purposes of clarity and understanding, the exan^ples were for 
mustrative purposes only. Other .edifications of the entbodnnents of 

biology, dental diagnostics, and related disciplines and are witbrn the scope of 
the invention as described. 


